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Figure 1: Hype curve for 3D printing technologyThe prospect of being able to create any 
object within hours and even in your 
own home sparked a flurry of interest 
in 3D printing. However, practical 
limitations, ranging from poor finished 
part quality to slow production speeds, 
have eroded some of this enthusiasm. 
This briefing aims to separate some of 
the hype from the technical and research 
developments that will ultimately enable  
industrial-grade applications for additive 
manufacturing.
MOVING BEYOND 
EXTRUSION METHODS
Food, cement, graphene… the list of 
candidate materials for 3D printing is 
limitless. The question asked of each is 
commonly “Will it print?” And the answer 
is almost invariably, “Yes!” But in most 
cases, the technical approach is based 
on material extrusion. The raw material 
is blended into a paste and extruded out 
of a nozzle. As a result, all applications 
based on this technique inevitably face 
similar limitations of speed and quality. 
In order to realise the true potential of 
3D printing, completely new ways of 
applying material will be needed.
INJECTION MOULDING
Cost comparisons between 3D printing and 
traditional manufacturing are often made. Due 
to the flexibility of the technology, additive 
manufacturing is frequently cited as being 
cheaper for low volume products. However, 
these technologies should also be viewed as 
synergistic rather than competitive. 
At Imperial, Nate Petre (PhD student in the 
Dyson School of Design Engineering) and Dr. 
Dan Plant (Research fellow in Mechanical 
Engineering and founder of Armourgel) are 
working on making traditional manufacturing 
more flexible. By using direct metal laser 
sintering, they are able to create complex 
injection moulds more rapidly and cheaper than 
traditional methods of computer controlled 
milling. This approach therefore, retains the low 
part cost of injection moulding and enhances 
it with the agility of rapid and cheap 3D printed 
moulding tools. http://www.armourgel.co.uk/ 
3D PRINTING IS ACTUALLY 1D 
PRINTING REPEATED… CAN WE 
ACHIEVE TRUE 3D?
3D printing today isn’t actually that fast, 
particularly in comparison to mass-
production techniques. This is due to the 
fact that traditional 3D printing is actually 
one dimensional printing, repeated. A 
single point is traced along a path, over 
and over again, to build up a 3D structure 
layer-by-layer. This not only reduces 
part quality through uneven material 
distribution but limits the speed of the 
process. 
Recent advances have allowed a step 
increase in speed by adapting digital light 
projection so that a complete 2D layer 
can be printed in one go. This approach 
lies behind the continuous light interface 
production (CLIP) technique developed by 
Carbon3D. 
The ultimate goal is full 3D printing, but 
techniques for achieving this remain at the 
concept stage.
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MEDICAL IMPLANTS
With an increasing and aging population, the 
importance of medical implants is becoming 
paramount. However, the challenge facing this 
field is how to manufacture these devices since 
everyone is slightly different. With the advent 
of additive manufacturing, truly personalised 
implants are becoming a reality. 
Shaaz Ghouse (PhD student in Mechanical 
Engineering) and Dr. Jonathan Jeffers (Senior 
lecturer in Mechanical Engineering) have been 
using direct metal laser sintering to create next 
generation implants. Metals such as titanium 
and cobalt chrome are often used in medical 
applications due to their high strength, however 
the stiffness is often greater than the bone they 
replace. By using internal lattice elements, the 
stiffness of the component can be more closely 
replicated for a more comfortable implant. 
APPROACHING THE PLATEAU OF 
PRODUCTIVITY
As a manufacturing technology, it will 
be many years before 3D printing can 
compete against mass production 
techniques such as injection molding for 
part cost, speed and quality. Yet, these 
technologies should not be seen as 
competitive but rather complimentary. 
There is an increasing appetite for the 
use of 3D printing in the creation of 
smarter and more flexible tooling. 3D 
printed injection molding tools can 
now have complex geometries without 
the associated cost and lead times. 
This enables traditionally inflexible 
manufacturing processes to be more agile 
while retaining the low cost characteristics 
of the mass-manufacturing process. 
3D PRINTING WITH FLYING ROBOTS
3D printing is often cited as one of the key 
enablers of distributed manufacturing, i.e. a 
network of micro-factories which best utilise 
local resources. This is frequently still framed as 
static factories, however additive manufacturing 
can potentially offer mobile factories. 
Dr. Mirko Kovac (Senior lecturer in Aeronautics) 
has developed the world’s first flying 3D printer, 
combining aerial robotics technology with 
a polyurethane extrusion system. Potential 
applications include ad-hoc construction of 
first response structures in search and rescue 
scenarios, printing structures to bridge gaps in 
discontinuous terrain, and repairing damaged 
surfaces in areas that are inaccessible by 
ground-based robots. http://www.imperial.
ac.uk/aerial-robotics 
NEW FRONTIERS 
Medical, aerospace and motorsports are 
the industries most often associated with 
the use of 3D printing. 
At Imperial College, academics in the 
Hamlyn Centre for Medical robotics are 
using 3D printing to help make operations 
easier and more effective. This spans 
applications including the use of direct 
metal laser sintering for novel medical 
robotic devices to nano-scale direct laser 
writing for micromachines which can 
manipulate individual cells. 
In Mechanical Engineering, researchers 
are using 3D printing to create improved 
medical implants. In these applications, 
the design flexible outweighs the 
high cost of the technology. Tooling of 
manufacturing is the next big application 
area but beyond that many new industrial 
application areas are emerging. 
THE NEXT TECHNOLOGY TRIGGER
Whilst the applications and market for 
plastics will persist, innovations are 
required in how we manufacture 3D  
printed metal parts. 
Metals are a key engineering material, yet 
today’s approaches to metal 3D printing 
almost exclusively involve the use of high 
power lasers to melt metal powders. This 
requires inert atmospheres, precise laser 
optics and produces parts which are not 
fully dense/dimensionally in accurate. 
Innovations in metal jetting technology will 
provide new routes for the manufacture 
of metal parts with higher quality and 
the ability to combine different materials 
together in a single structure. However, 
this process is still thermally driven and 
thus will eventually be limited. 
At Imperial, we are looking into novel ways 
of creating 3D printed metal structures 
without the need for heat, by borrowing 
from decades worth of work in the field of 
electroplating and solution chemistry. This 
form of electrochemical 3D printing has 
the potential to change the way we think 
about 3D printing as it is both additive 
and subtractive. Imagine being able to 
throw your old smartphone into a tank, 
the materials harvested and reprinted to 
create the latest hardware upgrade.
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3D PRINTED LUGS FOR A CARBON 
FIBRE SPACE FRAME
Steel space frames consisting of welded tubes 
have been used for many years in automotive 
applications. Further improvements in the 
strength-to-weight ratio can be achieved by 
using carbon fibre monocoques, however these 
are more expensive and harder to make, often 
requiring hours of manual lay up of fibres. 
Doug Anderson (Mechanical Engineering 
student) and Dr. Billy Wu (Lecturer in the Dyson 
School of Design Engineering) have been 
combining off-the-shelf carbon fibre tubes with 
3D printed lugs to make hybrid carbon fibre 
space frames. These lugs have internal lattice 
structures to enhance performance resulting in a 
solution that is cheaper and easier to make than 
the monocoque. 
This carbon fibre space frame will be used to 
make a lightweight and highly efficient vehicle 
as part of the student led Imperial Racing 
Green programme for the Shell Ecomarathon 
competition.   http://imperialrg.co.uk/ 
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Additive Manufacturing  
Network
The Imperial College London Additive 
Manufacturing Network (AMN) co-
ordinates research activities focusing 
on increasing our understanding of all 
additive manufacturing processes.  
Our mission statement covers five core 
areas:
- Providing strategic direction and a 
unified front for AM based research 
- Increasing external exposure and to 
act as a focal point for exchange of 
expertise and resources 
- Focusing external parties from 
academic, research labs, government 
agencies and industry 
- Creating an interdepartmental 
collaborative network on AM which 
facilitate research seminars and 
access to AM based facilities 
- Organising academic-industry 
workshops to solve grand challenges 
and exploit novel IP.
www.imperial.ac.uk/ 
additive-manufacturing 
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